The silverleaf whitefly, Bemisia argentifolii Bellows et Perring (Bellows et al., 1994) , also known as B-biotype of B. tabaci (Gennadius) (Byrne and Miller, 1990), has become one of the most serious agricultural pests in the world. This whitefly is polyphagous and infests a broad range of crops, including eggplant, cucumber, squash, tomato and sweet potato . Damage by B. argentifolii consists of direct feeding damage, deposition of large quantities of honeydew, plant physiological disorders, such as squash silverleaf disorder in pumpkin and irregular ripening of tomato fruit, and transmission of several plant viruses (Matsui, 1995) .
INTRODUCTION
gentifolii. The pre-selection of good biological control agents also depends on understanding the life-history parameters of the pest (van Lenteren and Manzaroli, 1999) . Furthermore, some simulation models have been developed to predict the population dynamics of the greenhouse whitefly, Trialeurodes vaporariorum (Westwood), and its parasitoid, Encarsia formosa Gahan; these models have proven useful in evaluating the biological control system (Yano, 1989a, b; Baumgärtner and Yano, 1990; van Roermund et al., 1997) . Life-history parameters are essential for population modeling (van Roermund and van Lenteren, 1992) , and that of B. argentifolii will be used to develop a simulation model of the population dynamics of this pest (Drost et al., 1998) . In addition, host plants have important effects on development, mortality and fecundity rates in whitefly population dynamics (Baumgärtner and Yano, 1990) .
In this study, we examined the development, reproduction and population growth parameters of B. argentifolii on four host plants, eggplant (Solanum melongena L.), cucumber (Cucumis sativus L.), sweet pepper (Capsicum annuum L. var. annuum) and tomato (Lycopersicon esculentum Mill.), which are important vegetable crops damaged by B. argentifolii in Japan.
MATERIALS AND METHODS
Insects and general rearing procedure. In March and April 2004, B. argentifolii were collected from eggplants at the Kagoshima Prefectural Experiment Station, Kamifukumoto, Kagoshima, Japan. The whiteflies were identified as B. argentifolii (B. tabaci B-biotype) by PCR-RFLP using the mitochondrial COI gene (Ueda, 2006) of about 26 individuals. To avoid a collected plant effect on the following experiments, the whiteflies were reared on cabbage, Brassica oleracea L. The B. argentifolii colony was maintained in a polypropylene box (27 cm diameterϫ26 cm depth) under laboratory conditions controlled at 25°C and 16L : 8D. A 24 cm diameter hole was cut into the box lid, and this hole was covered by a nylon screen (ca. 0.3 mm mesh). After two or three generations, the offspring were used for the experiments.
Host plants. The test cultivars used in this study were eggplant 'Chikuyo', cucumber 'Natsunokagayaki', sweet pepper 'Kyousuzu' and tomato 'Home-Momotaro'. Test plants grown singly from seeds in plastic pots (4 cm diameterϫ5 cm depth) and that had reached the two-to three-leaf stage were used for the following experiments.
Development and survival of immature B. argentifolii. One test plant (nϭ50 for each cultivar) was placed in a plastic box (6 cm diameterϫ26 cm depth). Ten adult females from the stock B. argentifolii colony were released and kept in this box for 24 h at 25°C and 16L : 8D. One egg, selected randomly from eggs laid on a leaf surface, was observed to measure development time and survival, and the other eggs were removed from the test plant leaves. The plants were then maintained under laboratory conditions of 25°C, 75-80% RH, and 16L : 8D. When red eye spots appeared on the pupa, the test plant was transferred to a plastic box (6 cm diameterϫ26 cm depth) until adult emergence. Development and survival were recorded at 24 h intervals.
Reproduction. For the reproduction experiments, immature B. argentifolii were reared on the four tested host plants using the procedures described above. Within 24 h after emergence, an adult male and female were placed in a polypropylene vial (4 cm diameterϫ9 cm height) containing a leaf of the test cultivar (nϭ15 for each cultivar; Fig. 1 ), and this vial was maintained under laboratory conditions controlled at 25°C, 75-80% RH, 64 K. KAKIMOTO et al. and 16L : 8D. As soon as the female started to oviposit, the male was removed and the female was transferred to a new rearing vial. The leaf in the vial was cut, and the oviposited eggs were counted under a binocular microscope. Females were placed in new rearing vials each day. Daily observations were made until the death of all females, although if a female died within the first 24 h, she was replaced with a newly emerged and mated female.
Data analysis. Differences in development time, longevity, lifetime fecundity and mean daily oviposition rate across the four host plants were analyzed by ANOVA, and treatment means were compared using the Tukey-Kramer HSD test, using StatView (SAS Institute, Cary, NC, USA). Survival of the immature stages was analyzed by c 2 test using StatView and a Tukey-type multiple comparison test (Zar, 1999) ; survival data was arcsine transformed prior to the Tukey-type multiple comparison test.
The intrinsic rate of natural increase (r m ), net reproductive rate (R 0 ) and mean generation time (T) was calculated from the survival rate (l x ) of the immature and adult stages and from the age-specific oviposition rate (m x ) according to the following equations (Birch, 1948; Laughlin, 1965): where x is the age in days. The ratio of females that emerged in the development experiment was 0.50 on eggplant, 0.50 on cucumber, 0.45 on sweet pepper and 0.48 on tomato; therefore, the female sex ratio was assumed to be 0.50 in the calculation of population growth parameters.
RESULTS

Development and survival
The development time of eggs ranged from 7.1 d to 7.4 d and was not significantly different among the four host plants (ANOVA, d.f.ϭ3, F 3,159 ϭ1.92, pϭ0.129). The development time of first-instar nymphs was not significantly different among eggplant, cucumber and sweet pepper, but the development time on tomato was significantly longer than that on the other three host plants (Table 1) . The development times of second-and third-instar nymphs were not significantly different among the four host plants, whereas fourth-instar nymphs reared on tomato had a significantly longer development time than insects reared on eggplant, cucumber or sweet pepper. Consequently, the egg-toadult development time of B. argentifolii on tomato was the longest among the four host plants.
Egg survival was not significantly different among the four host plants (c 2 ϭ0.073; d.f.ϭ3; pϭ0.995; Table 2 ). Survival of first-and fourth-instar nymphs and total survival (i.e., first to fourth instar) of B. argentifolii nymphs reared on tomato were significantly lower than those reared on eggplant (Table 2) .
Reproduction
Most females started to lay eggs within 24 h after emergence (Fig. 2) . The rate of oviposition varied with female age and host plant, and the oviposition schedule formed a skewed-right curve (Fig. 2) . The daily oviposition rate on eggplant was stable from 3 d to 20 d and decreased gradually from 21 d after emergence (Fig. 2a) . On cucumber, the daily oviposition rate was also stable from 3 d to 20 d, but decreased rapidly from 21 d after emergence (Fig. 2b) . The daily oviposition rates on sweet pepper and tomato were not so high compared with on eggplant and cucumber (Fig. 2c, d) . On sweet pepper, oviposition occurred intermittently for 50 d after emergence (Fig. 2c) . The oviposition period on tomato was shortest among the four host plants, and the daily oviposition rate on tomato decreased from 8 d after emergence (Fig. 2d) .
The survival of adult females reared on eggplant decreased gradually from 25 d after emergence (Fig. 3a) , whereas the survival of females reared on cucumber decreased rapidly from 25 d after emergence (Fig. 3b) . On sweet pepper, the survival of adult females decreased gradually from 11 d after emergence, although a few females survived for more than 45 d (Fig. 3c) . Survival of adult females reared on tomato decreased rapidly from 20 d after emergence (Fig. 3d) .
Females survived significantly longer on eggplant than on sweet pepper and tomato (Table 3) . Longevity of adult females was shortest on tomato among the four host plants (Table 3) . Lifetime fecundity on eggplant was significantly higher than on the other three host plants, and females reared on eggplant laid two to three times as many eggs as those reared on sweet pepper and tomato (Table 3) . Lifetime fecundity on cucumber was significantly higher than that on sweet pepper and tomato, although lifetime fecundity on sweet pepper and tomato did not differ significantly (Table 3) . Mean daily oviposition rates on eggplant and cucumber were significantly higher than on sweet pepper and tomato (Table 3) . 66 K. KAKIMOTO et al. 
Population growth parameters
The population growth parameters of B. argentifolii reared on the four host plants are summarized in Table 4 . The r m and R 0 values decreased in the following order: eggplant, cucumber, sweet pepper and tomato. The R 0 value of B. argentifolii reared on eggplant was about 2.5 times and 5.1 times the value of that on sweet pepper and tomato, respectively. The R 0 values of whiteflies reared on cucumber and sweet pepper were about 3.6 times and 2.0 times the value of that reared on tomato. T values ranged from 30.0 d to 32.7 d and were not different among the four host plants. The population growth rate per day was 1.18 on eggplant, 1.17 on cucumber, 1.15 on sweet pepper and 1.12 on tomato, respectively.
DISCUSSION
This study demonstrated that the type of host plant had a significant effect on the development, survival and reproduction of B. argentifolii. These findings are in general agreement with other studies of this whitefly species (Bethke et al., 1991; Enkegaard, 1993; Simmons, 1994; Yee and Toscano, 1996; Nava-Camberos et al., 2001) , B. tabaci (Coudriet et al., 1985; Powell and Bellows, 1992a, b) , and T. vaporariorum (Tanaka, 1978; van Boxtel et al., 1978; van de Merendonk and van Lenteren, 1978) . The population growth rate of insects, which incorporates development time, survivorship and fecundity, reflects the suitability of the host plant (van Lenteren and Noldus, 1990) . In this study, development time was shorter and survival was higher in B. argentifolii reared on eggplant, cucumber and sweet pepper than in those reared on tomato. Moreover, lifetime fecundity, daily oviposition rate and r m values decreased in the following order: eggplant, cucumber, sweet pepper and tomato. These results obtained in our study suggest that eggplant is the most suitable host plant for the Japanese population of B. argentifolii and tomato is the least suitable. (Bethke et al., 1991) , on cantaloupe (20.7 d) at 25°C (Nava-Camberos et al., 2001 ) and on sweet pepper (21.5 d) at 26°C (Muñiz and Nombela, 2001) . However, our measurement of fecundity of B. argentifolii reared on eggplant (221.3 eggs) was higher than on cotton (51.2 eggs), poinsettia (85.0 eggs) (Bethke et al., 1991) and tobacco (72.3 eggs) (Enkegaard, 1993) at about 25°C, and on alfalfa, broccoli, cantaloupe, cotton and zucchini (40.6-70.6 eggs) at 27°C (Yee and Toscano, 1996) . Furthermore, Tsai and Wang (1996) compared the suitability of eggplant, cucumber, tomato, sweet potato and garden bean for a Florida population of B. argentifolii, and reported that the fecundity and r m value were highest on eggplant, a finding similar to the results of the present study.
However, the results for cucumber, tomato and sweet pepper differed among B. argentifolii populations. Tsai and Wang (1996) concluded that tomato was more suitable than cucumber as a host plant for B. argentifolii. Moreover, Nava-Camberos et al. (2001) reported that a Texas population of B. argentifolii could not develop on bell pepper and hot pepper, whereas sweet pepper was more a suitable host plant for B. argentifolii than tomato in our study. Survival and lifetime fecundity of B. argentifolii varied across cultivars of pepper (NavaCamberos et al., 2001 ) and tomato (Fancelli and Vendramim, 2002) , however, suggesting that the difference of these results may be due to the difference of the tested pepper and tomato cultivars.
Among the T. vaporariorum raised on eggplant, cucumber, sweet pepper, paprika and tomato, survival and fecundity were the highest on eggplant and cucumber and the lowest on paprika and sweet pepper; T. vaporariorum laid almost no eggs on paprika and sweet pepper (Tanaka, 1978; van Boxtel et al., 1978; van de Merendonk and van Lenteren, 1978) . The R 0 and r m values of T. vaporariorum reared at 22-24°C, calculated by Yano (1981) based on the results of van Boxtel et al. (1978) and van de Merendonk and van Lenteren (1978) , were 223.4 and 0.118 on eggplant, 124.4 and 0.140 on cucumber, 50.1 and 0.108 on tomato and 0.267 and Ϫ0.043 on paprika. The R 0 and r m values of B. argentifolii calculated in this study were 185.1 and 0.168 on eggplant, 130.7 and 0.153 on cucumber, 36.1 and 0.110 on tomato and 73.1 and 0.143 on sweet pepper. Thus, eggplant appears to be the most suitable host plant for both whitefly species, and B. argentifolii appears to have a higher reproductive potential than T. vaporariorum when reared on cucumber, tomato and sweet pepper.
Differences in the population growth rate of a pest reared on different host plants influence the effectiveness of using natural enemies such as biological control agents (Yano, 2003) . The different population growth rates of B. argentifolii reared on the four host plants in this study suggest that the effectiveness of using biological control agents to control this pest will differ among these host plants. In this study, we investigated the life-history parameters of B. argentifolii using young seedlings, two-to three-leaves expanded, of four test plants; however, B. argentifolii has a preference against host plant leaf stages, especially on tomato, in the field (Tsueda and Tsuchida, 1998) . Therefore, to obtain further precise life-history parameters of B. argentifolii, we should study the effect of host plant leaf stages on the development and reproduction of B. argentifolii.
